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SUMMARY 

This  r e p o r t  is one of a series i s sued  by t h e  Sounding 
Rocket Ins t rumenta t ion  Section. I t  c o n t a i n s  a l l  pe$tinent 
engineer ing  d a t a  on a c t u a l  f l i g h t  i n s t rumen ta t ion ,  and 
documents t h e  f l i g h t  r e s u l t s  of F l i g h t  NOS. 14.79 UE through 
14-82 UE. These r o c k e t s  w e r e  f i r e d  from t h e  Thumba Equa- 
t o r i a l  Rocket Launching $ t a t i o n  (TERM), l oca t ed  near  Tr i -  
vandrum i n  southern  India .  I n  a d d i t i o n ,  t h i s  r e p o r t  c o n t a i n s  
a c o l l e c t i o n  of p r a c t i c a l  and u s e f u l  in format ion  r e l a t i n g  t o  
t r a v e l ,  bus iness ,  and diplomatic  needs, 

This  r e p o r t  is intended t o  i l l u s t r a t e  t h e  f u n c t i o n  and 
performance of ins t rumenta t ion  and/or telemeter equipment 
s u p p l i e d  by t h e  Sounding Rocket Ins t rumenta t ion  Sec t ion ,  and 
n o t  t o  p r e s e n t  an a n a l y s i s  of e i t h e r  d a t a  o r  performance of 
t h e  v e h i c l e ,  
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I .  

INSTRUMENTATION AND TRIP REPORT ON 
FLIGHT NOS. 14.79 UE THROUGH 14.82 UE 

INTRODUCTION 

I .  

The purpbse of t h e s e  f l i g h t s  is t o  determine t h e  a l t i t u d e  
and i n t e n s i t y  of electric c u r r e n t  systems i n  t h e  ionosphere 
near  t h e  magnetic equator  where it crosses t h e  southern  t i p  of 
Ind ia .  A l t i t u d e  determinat ion w a s  made by means of dens i tometer  
and a baroswitch.  

I n  a d d i t i o n ,  t h i s  r e p o r t  i nc ludes  fnformation on t h e  fa -  
c i l i k i e s  of t h e  Thumba Equa to r i a l  Rocket Launching S t a t i o n  
(TERLS) and such gene ra l  information on I n d i a  as t r a v e l ,  t r ans -  
p o r t a t i o n ,  accommodations, necessary t r a v e l  documents, weather , 
etc. 

ATTENDING NASA PERSONNEL 

Mr. Jack Holtz, NASA Headquarters,  Observer 

Mr. I(. R. Medrow, Branch Head, Sounding Rocket Branch, 
Observer 

Mr. R. W. Conrad, Sounding Rocket Branch, Adviser and 
Observer on Payload and Ins t rumenta t ion  

Mr. J. C. Modlin, Sounding Rocket Branch, Adviser and 
Observer on Mobile Telemetry S t a t i o n  F 

COGNIZANT TERLS RANGE PERSONNEL 

Mr. H. G. S. Murthy, T e s t  Director 

Mr. M. S, V. Rao, Chief of M e t .  Uni t  

Mr. D, John, P r o j e c t  Engineer 

Mr. D, Easwardas, Vehicle P r e p a r a t i o n  Unit  

Mr. A. P, J. Abdel Kalam, Range and S a f e t y  

Mr. B. Ramakrishna Rao, E l e c t r o n i c s  Un i t ,  Group Leader 

Mr. R. Aravamudan, E l e c t r o n i c s  Un i t ,  Dy. Group Leader 

Mr.. A. S. Prakasa Rao, Electronics U n i t ,  Dovap 

M r .  P, P, K a l e ,  Electronics Uni t ,  Dovap 

(Figure 1 p r e s e n t s  t h e  o r g a n i z a t i o n a l  s t r u c t u r e  of TERXS.) 
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TERLS RANGE AIDE 

M r .  V. J. Tala t i ,  P u b l i c i t y  Div i s ion ,  Department of Atomic 
Energy, Bombay, I n d i a  

ROCKET VEHICLES 

Vehicles  used were s tandard  Nike Apache, two-stage, un- 
guided,  sounding r o c k e t s  suppl ied  by NASA under an i n t e r -  
n a t i o n a l  c o l l a b o r a t i o n  agreement wi th  t h e  Indian  Department 
of Atomic Energy (see Appendix A). 

PAYLOADS 

Payloads were supp l i ed  by D r .  L. J. C a h i l l ,  Jr. ,  Chief 
S c i e n t i s t ,  New Hampshire Universi ty .  The in s t rumen ta t ion  i n -  
c luded : 

1. A magnetometer t o  measure t h e  e a r t h ' s  magnetic f i e l d .  

2. Langmuir Probe t o  measure e l e c t r o n  dens i ty .  

3. Densitometer and Baroswitch f o r  a l t i t u d e  determinat ion.  

4. Aspect Sensor t o  measure magnetic aspec t .  

The payload block diagram is shown i n  Figure 2. 

TELEMETRY 

A f ive-channel  FM/FM te lemet ry  s y s t e m  w a s  used on t h e s e  
experiments ,  t r a n s m i t t i n g  on a carrier frequency of 240.2 m c s .  
The t r a n s m i t t e r  provided two watts of RF gower i n t o  a set of 
f o u r  t u r n s t i l e  an tennas ,  swept back a t  45 t o  t h e  l o n g i t u d i n a l  
a x i s ,  and f e d  t o  g ive  c i r c u l a r  p o l a r i z a t i o n .  

GSFC Telemetry Ground S t a t i o n  F (Figures  3 and 4) w a s  sup- 
p l i e d  t o  I n d i a  on a load  bas is .  I t  inc ludes  t w o  e i g h t - t u r n ,  
r ight-hand c i r c u l a r  h e l i x  antennas;  a pa f f  of t e l eme t ry  r e c e i v e r s ;  
e l even  s u b - c a r r i e r  d i s c r i m i n a t o r s ,  wi th  channel selectors and 
low-pass f i l t e r s  f o r  a l l  s t a n d a r d  I R I G  channels ;  a 12-inch mag- 
n e t i c  o s c i l l o g r a p h ,  and a 4-channel t ape  recorder .  C a l i b r a t i o n ,  
t es t  and s e r v i c e  equippent ,  and a paper r eco rd  p rocesso r ,  com- 
p l e t e  the  i n s t a l l a t i o n .  The ground s t a t i o n  (GSFC Sounding Rocket 
Branch S t a t i o n  F ) ,  is housed i n  an a i r - cond i t ioned ,  28-foot,  s e m i -  
t r a i le r .  I t  w a s  opera ted  by Indian  range personnel ,  p rev ious ly  
t r a i n e d  a t  GSFC. 

3 
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The magnetometer modulates t h e  t r a n s m i t t e r  d i r e c t l y  a t  
1.5 KCS with  a 10 pe rcen t  devia t ion .  Standard sub-ca r r i e r  
o s c i l l a t o r s  modulate the  t r a n s m i t t e r  as fo l lows:  

1. Densitometer,  70 KCS (It7.5%) 

2. Aspect Sensor ,  40 KCS (It7.5%) 

3. Langmuir Probe, 22 KCS (&7.5%) 

FIRING DATA 

Launch t i m e s  are as follows: 

F l i g h t  Date 

14.79 UE 25 January 1964 

14.80 UE 27 January 1964 

14.81 UE 29 January 1964 

14.82 UE 31 January 1964 

CONCLUSION 

Time 

05142 

04302 

10002 

13302 

A l l  r ocke t s  performed normally and D r .  C a h i l l  r epor t ed  
t h a t  t h e  experiments worked s a t i s f a c t o r i l y .  Each success ive  
r o c k e t  gained a l t i t u d e  over its predecessor .  Data w a s  col- 
l e c t e d  and s t o r e d  on nagnet ic  tape  and real-time records .  In- 
s t rumen ta t ion  performance was good and t h e  experiments appear 
t o  have been success fu l .  A l l  t e l e m e t r y  s i g n a l s  w e r e  rece ived  
as fo l lows  and good d a t a  are expected i n  a l l  cases: 

F l i g h t  14.79 UE, 395 seconds of t e l e m e t r y  

F l i g h t  14.80 UE, 394 seconds of t e l e m e t r y  

F l i g h t  14.81 UE, 404 seconds of t e l e m e t r y  

F l i g h t  14.82 L'E, 406 seconds of t e l e m e t r y  

7 



GENERAL INFORMATION 

FACILITY INSPECTION AND RANGE MEETINGS 

An inspec t ion  t o u r  was made of t h e  range soon a f t e r  a r r i v a l  
t o  acquaint ou r se lves  with t h e  range and i t s  o p e r a t i o n a l  f ac i l i -  
t ies .  We (Goddard employees) were amazed a t  t h e  work t h e  Indians  
had done i n  making TERLS an up-and-coming rocke t  range. Thei r  . 
method of doing th ings  is e n k i r e l y  d i f f e r e n t  than  o u r s ,  bu t  t h e  
end r e s u l t  is one of which they can be proud. Minor problems 
were encountered and a l l e v i a t e d  i n  t he  GSFC te lemet ry  t r a i l e r .  
The a i r  condi t ion ing  s y s t e m ,  which had been i n o p e r a t i v e ,  w a s  
r e p a i r e d  and recharged,  p u t t i n g  the  t ra i le r  i n  t i p - t b p  cond i t ion  
f o r  t h e  Indians t o  ope ra t e  dur ing  t h e s e  and subsequent launch- 
ings.  

Two important range meetings were held.  The f i r s t  was he ld  
a t  the  Range Guest House where D r .  C a h i l l  gave a l e c t u r e  on h i s  
experiment, expla in ing  what information he would l i k e  t o  o b t a i n  
and t h e  method t o  be used. Following t h i s  l e c t u r e ,  M r .  Medrow 
presented  M r .  Murthy and members of h i s  crew who had completed 
NASA t r a i n i n g ,  with c e r t i f i c a t e s  of completion. This  ges tu re ,  
was apprbciated very much. 

The second meeting w a s  called b y  M r .  Medrow a t  t h e  end of 
t h e  rocke t  series and w a s  he ld  i n  t h e  Test  D i r e c t o r ' s  Of f i ce .  
Each person was asked t o  o u t l i n e  any problem encountered i n  
launching and prepar ing  f o r  launching of t h e  rocke ts .  M r .  Murthy 
seemed most g r a t e f u l  f o r  t h e  suggested remedies. M r .  Medrow then  
commended M r .  Murthy and h i s  crew f o r  the  outs tanding  job  t h a t  
they  had done. The fol lowing morning, w e  s ta r ted  the  t r i p  home. 

I n  summation, I t h i n k  t h a t  t he  s u c c e s s f u l  ope ra t ions  dur ing  
t h e s e  rocket  launchings were due t o  the  close co iope r8 t i an  .$e- 
tween Indian and NASA personnel .  With cont inued co-operat ion of 
t h i s  k ind ,  I see no d i f f i c u l t i e s  ahead wi th  f u t u r e  launchings a t  
TERLS. 

THE TERLS RANGE 

TERLS Rocket Launching F a c i l i t y  (Figure 5) is loca ted  only 
a few miles  from Trivandrum along t h e  Malabar Coast. I t  f a c e s  
the  Arabian Sea and the  v i l l a g e  of At t ipura .  The p r e s e n t  s i t e  
w a s  s e l e c t e d  by a survey team c o n s i s t i n g  of Ind ian  and American 
personnel  as  t h e  bes t  compromise of a l l  l o c a t i o n s  near t h e  mag- 
n e t i c  equator.  

8 
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The e n t i r e  Malabar Coast is  t h i c k l y  popula ted ,  c r e a t i n g  
t h e  problem of d i s p l a c i n g  a l a r g e  popula t ion  ad jo in ing  a rocke t  
launching s i t e ,  which involves  g r e a t  t i m e  and expense. R e l a -  
t i v e l y  few people had t o  be d i sp laced  however, and t h e s e  were 
reloca,*ed nearby i n  a new v i l l a g e  t h a t  w a s  e s t a b l i s h e d .  The 
new honies and environmental cond i t ions  are much b e t t e r  than  
those  t h e  people r e l inqu i shed ,  Considering a l l  f a c t o r s  in- 
volved i n  t h e  s e l e c t i o n  of a rocke t  launching range,  t he  s i t e  
seems t o  be an e x c e l l e n t  choice.  

A good p o r t i o n  of t h e  range is studded wi th  coconut palms, 
making i t  v e r y  p ic turesque  (see the  photographs a t  t he  end of 
t h i s  r e p o r t ) .  Although not  e n k i r e l y  completed as y e t ,  i t  has 
e x c e l l e n t  p o t e n t i a l .  A l l  of t h e  permanent bu i ld ings  are now 
under cons t ruc t ion  and should be completed i n  t h e  near  f u t u r e .  
Only one launch pad is now i n  ope ra t ion ;  two o t h e r s  are planned. 
The range can handle Nike Apache and s imilar  types  of v e h i c l e s ,  

A t  p r e sen t ,  t h e  f a c i l i t i e s  are loca ted  i n  an abandoned 
mission with new roads being b u i l t  over  t h e  en t i r e  range. The 
range w i l l  soon have Radar and Dovap s t a t i o n s .  Also planned, 
or under cons t ruc t ion ,  are a control  center ,  rocke t  assembly 
b u i l d i n g ,  a ba l loon  launcher ,  and a new road t o  Trivandrum t h a t  
w i l l  reduce t h e  t r a v e l i n g  d i s t a n c e  considerably.  I n  the  not- 
so-near f u t u r e ,  a Phys ica l  Science Laboratory is planned f o r  
l o c a t i o n  on or ad jo in ing  t h e  p r e s e n t  range. 

A t  t h e  moment, t h e r e  is  no p u b l i c  t r a n s p o r t a t i o n  between 
Trivandrum and t h e  range. M r .  Murthy, t h e  T e s t  D i r e c t o r ,  can 
a r range  t r anspor t a t ion .  These requirements  should be made known 
t o  him, Publ ic  t r a n s p o r t a t i o n  is planned f o r  t h e  f u t u r e ,  I f  
on-range during lunch pe r iods ,  M r .  Murthy can  a l so  ar range  t o  
provide food. 

Because of t h e  l a r g e  number of coast-wide f i s h i n g  boa t s  
and s h i p s  which opera te  w i t h i n  t h e  impact areas, range clear- 
ances must be obtained a t  TERLS, as a t  any o t h e r  range. 
Clearance normally coosis ts  of n o t i f y i n g  a i r  l i n e s  and sh ipp ing  
i n t e r e s t s  a day or s o  i n  advance of the  intended f i r i n g .  How- 
e v e r ,  these n o t i c e s  are not  a lways  heeded, and numerous s m a l l  
f i s h i n g  c ra f t  may be unaware of impending f i r i n g s .  This problem 
occurred during one launch, and caused a s h o r t  de l ay  i n  f i r i n g .  

WEATHER AT TERLS 

When planning rocke t  launchings a t  Thumba, t h e  75 inches  of 
r a i n f a l l  should be taken i n t o  cons ide ra t ion .  Most of it comes 
dur ing  the monsoon season from June through October. A t  a l l  
o t h e r  t imes,  TERLS should be f i n e  fo r  experiments designed f o r  
s t u d i e s  around t h e  equator .  

10 



Weather dur ing  +.he assigned launchings was ideal for rocket 
f i r i n g s ,  w i t h  only s c a t t e r e d  showers one morning. 

TRAVEL SCHEDUU 

We depar ted  Fr iendship  I n t e r n a t i o n a l  A i rpo r t ,  Bal t imore,  
Maryland on 1 7  January 1964, boarding National A i r l i n e s  F l i g h t  
292 a t  1908 EST f o r  N e w  York Ci ty ,  a r r i v i n g  t h e r e  some 45 
minutes later.  A t  2200 EST, w e  d e p w t e d  N e w  York C i t y  on A i r  
I n d i a  F l i g h t  110 f o r  Bombay, v ia  London, P a r i s ,  Geneva, and 
Cairo. On 19 January 1964, at  0650 IST,  we  a r r i v e d  a t  BombayCS 
San ta  Cruz Airpor t .  A t  1145 IST ( a l l  of I n d i a  is on Indian  
Standard Time {ISTI,  which is GMT p lus  5 . 5  hours o r  E S T  p l u s  
10.5 hours) 
d r i v e n  to t h e  Mascot Hotel. On 1 February a t  0930 IST, w e  de- 
p a r t e d  Trivandrum for Bombay and a t  0110 IST on 2 February,  w e  
depa r t ed  Bombay f o r  t he  r e t u r n  t r i p  home, t e rmina t ing  a t  FIA 
Bal t imore 2 February a t  2030 EST. 

on 20 January,  we a r r i v e d  a t  Trivandrum and were 

LANGUAGES 

I n  a d d i t i o n  t o  Engl i sh ,  which is widely spoken, t h e r e  are 
14 major languages and about 250 r e g i o n a l  d i a l e c t s .  A person 
from one r eg ion  normally can not understand a person from a 
d i f f e r e n t  region.  Under these  circumstances,  Engl i sh  is u s u a l l y  
t h e  common language, although it  is not  t h e  n a t i o n a l  language, 

TRAVEL DOC'VMENTS 

P r i o r i t y  should be given t o  o b t a i n i n g  a pas spor t .  U.S. 
r e s i d e n t s  p u s t  apply i n  person t o  t h e  U.S. Passpor t  Agency i n  
e i t h e r  New Ycrk, Chicago, Boston, M i a m i ,  New Or leans ,  San 
Franc isco ,  or Washington, D.C. Appl icants  should be prepared 
t o  p r e s e n t  such documnts  a s  proof of c i t i z e n s h i p ,  b i r t h  cer t i -  
f i c a t e ,  e t c .  and two recen t  photographs, f u l l  f a c e ,  2 1/2 x 
2 1/2, Charges for p a s s p o r t s  a r e  $1 f o r  o f f i c i a l  and $6 f o r  
t o u r i s t s .  

C i t i z e n s  of the U.S. r equ i r e  a v i s a  f o r  India .  Visa costs 
a r e  f z e e  f o r  official v i s a s  and $2.50 for  t o u r i s t  v i s a s ,  and 
can be ob+,ained by applying t o :  

1. Embassy of I n d i a ,  Consular Div is ion  
2107 Massachusetts Avenue, N.W. 
Washington 8, D O C .  

2. Consulate General  of I n d i a  
417 Montgomyy Street 
San Franc isco  4 ,  C a l i f o r n i a  

3. Consulate General of I n d i a ,  Visa S e c t i o n  
3 E a s t  64th S t x e e t  
New York 21, N.Y. 

11 



Tour is t  Introduc$ion Cards may be obta ined  f r o m  the  v i s a  
i s s u i n g  au tho r i ty .  I t  enables  you t o  r ece ive  a s s i s t a n c e  i n  
many ways such as: cus toxs  c l ea rance  , l i q u o r  pe rmi t ,  t o u r i s t  
coupons f o r  the  purchase of varioTla i t e m  a t  reduced ra tes ,  
and f i n a l l y  it s e r v e s  as an i n t r o d u c t i o n  t o  soc ia l  and s p o r t  
c l u b s  . 

I Health Cards or  C e r t i f i c a t e s  

Health cards  or c e r t i f i c a t e s  may be r equ i r ed  by c o u n t r i e s  
along t h e  rou$e t o  India .  I n  I n d i a ,  only persons a r r i v i n g  from 
Y e l l o w  Fever i n f e c t e d  a r e a s  i n  Af r i ca  or L a t i n  America are re- 
qrlired t , ~  produce a v a l i d  vacc ina t ion  c e r t i f i c a t e .  I t  is ad- 
v i s a b l e  t o  be inoccnla ted  and vacc ina ted  a g a i n s t  c h o l e r a ,  
sna l lpox ,  y e l l o w  f e v e r ,  typhoid,  typhus,  and t e t a n u s ,  and have 
these  vacc ina t ions  and inoccu la t ions  rYLarked on your h e a l t h  
c e r t i f i c a t e .  Without t h i s  p recau t ion  , d i f f i c u l t y  may be en- 
countered i n  re turn ' ing t o  the  U . S .  

Customs Documents 

P r i o r  n o t i f i c a t i o n  of expected t i m e  of a r r i v a l  i n  Bombay, 
along w i t h  a l ist  of equipment, t oo l s ,  e t c . ,  w i l l  a v a i l  per- 
sonnel  from the  Atomic Energy Commission t o  assist you through 
Custonzs with a minimum of red tape .  A c e r t i f i e d  l i s t  of a l l  
major a r t i c l e s  should be obtxined from t h e  Customs O f f i c e r  so  
that there  w i l l  be no ques t ion  of duty on depa r tu re  from India .  
The following baggage allowance, duty f r e e ,  is allowed: 

1. Wearing appare l  

2.  Personal  j e w e l e r y  

3. Two caTeras (8 ET and 16 m! f o r  c i n e  cameras only ;  
any s i z e  fo r  s t i l l  cameras; 8 reels  of f i l m  pe r  camera) 

I 4. One p a i r  of b inocu la r s  

5. One por t ab le  n rus fca l  inet.ruirrent 

6. One tape  secoJder  I 7. One tuancjs%ol. r a d i o  

8. One typewri.?ier 

9. Two watches I 
10. Con,swmble i?pc7 5 : reasonable  q u a n t i t y  of c i g a r e t t e s ,  

c igars ,  and -b,obar,co; one r e g d l a r  size b o z t l e  of wine 
and 114 l i t e r  of l i q u o r  (or 1 q t e  of 1iqTJor); s m a l l  
quantisy of p e r f w x ;  and a reasonable  q u a n t i t y  of 
xredicines. 
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CURRENCY 

Every person a r r i v i n g  i n  I n d i a  must f i l l  o u t  a Currency 
Dec la ra t ion ,  and a l l  t r a n s a c t i o n s  of monetary exchanges must 
be noted on t h i s  dec la ra t ion .  You are then a b l e  t o  exchange 
currency brought i n  and t o  t ake  currency o u t  on depar ture .  
Value of t h e  Indian  Rupee is approximately R s .  4.75 t o  t h e  
U.S. d o l l a r .  I n d i a  now uses t h e  decimal system of coinage: 
The Indian  Rupee c o n s i s t s  of 100 Naya P a i s a  (NP). 

T rave le r s  Cheques a r e  t h e  b e s t  way t o  safeguard  t r a v e l  
funds. Most u n i v e r s a l l y  accepted are those  of American Ex- 
pres s .  A l l  banks and most of t h e  l a r g e  h o t e l s  are au thor ized  
t o  exchange t r a v e l e r s  cheques and U.S. d o l l a r s .  

TRAVEL ITEMS 

I t  is advisable  t o  t r a v e l  l i g h t  and keep under t h e  44- 
pound l i m i t .  F i r s t  class r e s e r v a t i o n s  may not  be a v a i l a b l e  
f o r  t he  e n t i r e  r o u t e  and t h e  l i g h t  weight s i m p l i f i e s  going 
through Customs s i n c e  r e g i s t r a t i o n  and checking of baggage 
then  becomes unnecessary. I t  is adv i sab le  t o  pack necessi-  
t i e s  i n  a s e p a r a t e  bag on board t h e  a i r c r a f t ,  i n  a d d i t i o n  t o  
t h e  one l a r g e  bag of bulk i t e m s ,  j u s t  i n  case your baggage 
is misplaced i n  t r a n s i t  (as w a s  ou r s ) ,  

Clothing 

Good, p l a i n  c o t t o n  c l o t h i n g  is e x c e l l e n t  f o r  any p l a c e  
i n  I n d i a  w i t h  t he  except ion of nor thern  India .  There,  woolen 
c l o t h i n g  is necessary from the  middle of November t o  t h e  m i d -  
d l e  of February. Exot ic  f a b r i c s  are undes i r ab le  due t o  t h e  
d i f f i c u l t y  of laundering. No d i f f i c u l t y  should be encountered 
i n  having ord inary  f a b r i c s  laundered a t  h o t e l s .  During t h e  
monsoon season, a r a i n c o a t ,  umbrel la ,  and ga loshes  are needed. 
A ra incoat .  s e r v e s  very w e l l  as a topcoat  dur ing  t r a v e l s .  

C l i m a t e  

I n d i a ' s  c l ima te  ranges from t r o p i c a l  t o  temperate.  The 
TERLS a r e a  is w i t h i n  t h e  t r o p i c a l  area, which undergoes a 
monsoon season for approximately three months of t h e  y e a r .  
Temperatures and h u m d i t y  are  high a l l  y e a r  round. 

To i l e  t r  ies 

Imported t o i l e t  a r t i c l e s  and cosmetics  are expensive,  so  
f a v o r i t e  brands should be taken along. G e t t i n g  medicine is not  
d i f f i c u l t ,  but  p r e s c r i p t i o n  i t e m s  may be, and a supply should 
be t aken  along. A thermos b o t t l e ,  f o r  boi led d r ink ing  w a t e r ,  
is advisable .  American-made e lectr ic  razor can be used i f  some 
means of adapt ing  i t  for  use on 220 v o l t s  AC can  be found. 
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TRAVEL 

A i r  t r a v e l  is best. I n d i a ' s  i n t e r n a l  a i r  s e r v i c e s  are 
opera ted  by I n d i a n  A i r l i n e s  Corporat ion (IAC), t h e  l a r g e s t  
domestic a i r l i n e  i n  t h e  world.  Thei r  s a f e t y  record is unparal-  
l e led .  The hop from Bombay t o  Cochin, I n d i a ,  w a s  taken aboard 
a Fokker F-27 Fr iendship  je t -prop.  I t  is an e x c e l l e n t  a i r p l a n e  
f o r  viewing t h e  marvelous Indian  scenery.  The wing is above 
the  windows s o  t h a t  t h e r e  is no o b s t r u c t i o n  t o  t h e  ground view, 
r e g a r d l e s s  of where you may be s e a t e d ,  Hardly a t r i p  is made 
without  running i n t o  t he  o l d  s tandby,  t h e  DC-3, as happened on 
the  Cochin-Trivandrum hop, Although not  as smooth and modern 
as t h e  Fr iendship,  it is s t i l l  a f i n e  a i r p l a n e ,  

Travel by t r a i n  is  a v a i l a b l e ,  al though slow by Western 
s t anda rds ,  The Indian r a i l r o a d  system uses  t h e  broad,  meter, 
and narrow gage t r a c k s ,  Eew cars  are a i r  condi t ioned and 
l i t t l e  or no f i r s t  c lass  t r ave l  is a v a i l a b l e  i n  most areas, 
A slow moving meter-gage choo-choo is t h e  only r a i l  t ranspor-  
t a t i o n  between Cochin and Trivandrum. 

Travel by automobile can be arranged i n  some areas, however, 
t h e r e  are none f o r  h i r e  i n  t he  Trivandrum area ,  Most motoring 
is done by t a x i  or bus,  T r a f f i c  keeps t o  t h e  l e f t  and over takes  
on t h e  r i g h t .  No genera l  speed l i m i t  f o r  cars e x i s t s  a p a r t  from 
the  30 mph l i m i t  i n  some c i t i e s ,  The highway code means l i t t l e  
t o  the  Indian peasant  who t h i n k s  i n  terms of years and not  of 
minutes,  Bullock ca r t s ,  c y c l i s t s ,  and masses of p e d e s t r i a n s  
u s u a l l y  w i l l  be hogging t h e  middle of t he  road ,  n e c e s s i t a t i n g  a 
cons t an t  beeping of t h e  au to  horn. An I n t e r n a t i o n a l  Driving 
L i c e n s e  i s  recognized and insurance is  compulsory, 

CITIES 

Two c i t i e s  of importance t o  you are Bombay and Trivandrum. 
Bombay w i l l  probably be your p l ace  of e n t r y  and depar ture .  I t  is 
a blend of t h e  East  and t h e  West and not  q u i t e  r e p r e s e n t a t i v e  of 
o t h e r  p a r t s  of Ind ia ,  Some p laces  t h a t  may be of i n t e r e s t  while  
s topp ing  over are: The Caves of Elephanta  and i ts  rock-cut t e m -  
p l e s ,  t h e  v i e w  on Malabar H i l l ,  and the  P r ince  of Wales Museum. 
Other than  t h e s e ,  Bombay has few s i g h t s e e i n g  s p o t s .  

Trivandrum, loca ted  only  a few m i l e s  from Thumba Range, w i l l  
be much i n  your plans.  One may t h i n k  of i t  as only  a s m a l l  c i t y ,  
however, i t  has a popula t ion  w e l l  over  a m i l l i o n  people. Trivan- 
drum is q u i t e  p l eas ing  t o  t h e  e y e ,  being a c i t y  b u i l t  on h i l l s  
overlooking q u i e t  va l l eys .  I t  w i l l  be w e l l  worth your t i m e  t o  
pay a v i s i t  t o  the  Trivandrum Museum where you w i l l  see a wide  
c o l l e c t i o n  of p a i n t i n g s  and a wonderful d i s p l a y  of l o c a l  a r t s  and 
c r a f t s .  T h e r e  is a l s o  a zoo, an e x c e l l e n t  aquarium, a golf cour se ,  
and a f l y i n g  club.  Should one des i re  some r e l a x a t i o n ,  one of t h e  
bes t  beaches i n  I n d i a  is a v a i l a b l e  t e n  m i l e s  away a t  Kovalam. 
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HOTELS 

The number of good hotels i n  I n d i a  is l i m i t e d .  Hotel  
r e s e r v a t i o n s  should be made w e l l  i n  advance i n  o rde r  t o  avoid 
disappointment w i t h  a room taken on s h o r t  no t i ce .  With few 
excep t ions ,  s e r v i c e  is  e x c e l l e n t  and accommodations good i n  
a l l  of t h e  better h o t e l s .  I n  Bombay, t he  T a j  Mahal and Ascot; 
i n  Cochin, t h e  Yalabar;  i n  Trivandrum, t h e  Mascot, are suggested.  
Tipping should be restricted u n t i l  depa r tu re ,  l eav ing  10% of t h e  
b i l l .  I nd iv idua l  t i p p i n g  is impossjible due t o  t h e  g r e a t  number 
of people a t  t h e  h o t e l s  providing s e r v i c e .  

S IGHTSEEING 

When t i m e  permi ts ,  s i d e  t r i p s  are advisable .  One such  week- 
end t r i p  w a s  made t o  Cape Comorin, sou the rn  p a r t  of I n d i a  where, 
w i th  a s i n g l e  g lance ,  one can see t h e  Bay of Bengal, t h e  Arabian 
Sea,  and t h e  Indian  Ocean. 

y a r  Game Sanctuary.  The mountainous road t o  it passes  through 
tea,  rubber ,  cardamom, and pepper p l a n t a t i o n s .  A man-made lake 
is t h e  h e a r t  of t h i s  sanctuary.  From a motor launch on t h e  lake, 
one can observe herds  of e l ephan t s ,  some b ison ,  and deer. There 
are many such p l aces  t o  see, i f  t i m e  is a v a i l a b l e .  

Another weekend t r i p  was made t o  Thekkady t o  v i s i t  t h e  Pe r i -  

FOOD 

Genera l ly ,  t h e  food is  e x c e l l e n t ;  but  it is b e s t  t o  d r i n k  
on ly  b o i l e d  water, t e a ,  o r  cof fee .  Boi led water is served  i n  
m o s t  good h o t e l s .  Avoid e a t i n g  salads and r a w  vege tab le s ,  ex- 
c e p t  i n  good r e s t a u r a n t s .  Should you t r y  some of those  innocent-  
looking Indian  d i s h e s ,  beware, you may have t o  reach  a t  s h o r t  
i n t e r v a l s  f o r  your d r i n k  t o  bank t h e  i n i t i a l  f i r e .  

INDIAN PEOPLE 

Indian  people are very courteous.  You are g ree t ed  wi th  
fo lded  palms r a i s e d  t o  t h e  l e v e l  of t h e  chin.  The Indians  are 
mostly vege tar ian .  

PHOTOGRAPHY 

Photography is permit ted almost everywhere i n  I n d i a ,  except  
from t h e  a i r  and a i r p o r t s .  There are many p l a c e s  of g r e a t  
beauty and h i s t o r i c  i n t e r e s t .  As a matter of courtesy., o b t a i n  
permission t o  photograph people before  doing so. 

15 



SOUVENIRS 

India i s  most rewarding, w i th  many irresist ible  o b j e c t s ,  
Street peddlers expect  haggl ing  over p r i c e s ;  t h e r e f o r e ,  the  
r e a l i s t i c  p r i c e  i s  about 1/3 the  o r i g i n a l  quote.  In Trivandrum, 
Mr. Murthy can g e t  a 10% discount  on most Bbuvenirs,  The state-  
run Emporium i n  Bombay was the b e s t  p l a c e  to make purchases,  
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APPENDIX A 

This s e c t i o n  contains  the Memorandum of Understanding be- 
tween the  Indian Department of A t o m i c  Energy and the  National  
Aeronautics  and Space Administration. 
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IVEMORANDUM OF UNDERSTANDING 

BETWEEN 

THE DEPARTMENT OF ATOMIC ENERGY 

AND 

THE UNITED STATES NATIONAL AERONACTSCS AND SPACE ADMINISTRATION 

The Department of Atomic Energy (DAE) and t h e  United S t a t e s  
Nat iona l  Aeronautics and Space Adminis t ra t ion [NASA) a f f i r m  a 
desire  t o  continue co-operation i n  space  r e sea rch  of mutual in -  
t e res t  f o r  peaceful  s c i e n t i f i c  purposes. 

NASA and DAE accordingly agree to . co -ope ra t e  i n  two i n i t i a l  
s c i e n t i f i c  experimenls t o  be conducted by  means of sounding 
r o c k e t s  t o  be launched from a s i t e  i n  I n d i a  near  t h e  geomagnetic 
equator .  The t w o  o rgan iza t ions  a lso agree t o  cont inue  discus-  
s i o n s  of a d d i t i o n a l  experiments of mutual i n t e r e s t  wi th  a view t o  
t h e i r  f u t u r e  implementation. I n  a d d i t i o n ,  t he  t w o  o rgan iza t ions  
agree t o  continue and expand a p re sen t  program f o r  t h e  a c q u i s i t i o n  
of s a t e l l i t e  data .  

The f i r s t  experiment w i l l  be an i n v e s t i g a t i o n  of upper 
atmosphere parameters by means of sodium vapor release payloads. 
I t  is a n t i c i p a t e d  t h a t  launchings of t hese  experiments w i l l  t a k e  
p l ace  beginning e a r l y  i n  1963, and t h a t  they w i l l  be carr ied o u t  
on a synopt ic  basis  with launehings i n  o tna r  p a r t s  of t h e  world. 

To i m p l e x n t  t h i s  p r o j e c t ,  DAE w i l l  use i ts  best e f f o r t s  t o  
make a v a i l a b l e  t h e  fol lowing:  

(1) Four sodium vapor release payloads. 

(2) High speed caxeras for photographing sodium release,  and 
a s soc ia t ed  t i x i n g  device.  (Should t ! ~ s e  i t e m  not  be a v a i l a b l e  
i n  I n d i a ,  NASA w i l l  a t texpt  t o  m a k e  tCer  a v a i l a b l e  t o  DAE on loaa . )  
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(3) An appropr i a t e  launching s i t e  near the geomagnetic equator 
i n  Ind ia .  

(4) Launching s i t e  suppor t  f a c i l i t i e s ,  i nc lud ing  launching pad, 
b u i l d i n g s  f o r  c o n t r o l ,  assembly and t e s t i n g  of rocke t s  and pay- 
loads, electrical power, and ground communications. 

( 5 )  Technical  personnel  f o r  sounding rockets launching o p e r a t i o n s ,  , 
and s c i e n t i f i c  personnel  f o r  data ana lys i s .  

(6) Meteorological data as requi red  for  launching ope ra t ions .  

NASA w i l l  use  its b e s t  efforts t o  provide the  fol lowing:  

(1) Four Mike-Cajun (or equiva len t )  s c i e n t i f i c  sounding rockets 
w i t h  nose cones. 

(2) An appropr i a t e  launching device  on a loan bas i s .  

(3) Train ing  a t  NASA Centers  f o r  Ind ian  personnel  r e spons ib l e  
fo r  conducting launching opera t ions .  

(4) Necessary NASA advisory  personnel  t o  assist i n  launching 
ope ra t ions .  

The second experiment will be an i n v e s t i g a t i o n  of t h e  
e q u a t o r i a l  electrojet by means of sounding rockets c a r r y i n g  
magnetometer ins t rumenta t ion .  I t  is a n t i c i p a t e d  t h a t  t h e  
f i r s t  launching of t h i s  experiment w i l l  take p lace  i n  1963. 

To implement t h i s  p r o j e c t ,  DAE w i l l  use  i t s  best effor ts  
t o  m a k e  a v a i l a b l e  the  following: 

(1) A sounding rocket launching s i te  near  t h e  geomagnetic 
equa to r  i n  India .  

(2) Launching s i t e  suppor t  fac i l i t  ies , i nc lud ing  launching 
pad,  b u i l d i n g s  f o r  c o n t r o l ,  assembly, and t e s t i n g  of rockets 
and payloads,  e lectr ical  power, and ground communications. 

(3) Supplementary s c i e n t i f i c  experiment,  fo r  which room w i l l  
be provided i n  the  basic magnetometer payload housing. 
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(4) Magnetic ground observa t ions  f r o m  Indian  s t a t i o n s .  

( 5 )  Meteorological data  as r equ i r ed  f o r  launching ope ra t ions .  

(6) Personnel f o r  sounding rocket launching o p e r a t i o n s ,  tele- 
m e t r y  ope ra t ions ,  and data  ana lys i s .  

NASA w i l l  u s e  i ts  b e s t  e f f o r t s  t o  m a k e  a v a i l a b l e  t h e  fol lowing:  

(1) Nine Nike-Apache (or equ iva len t )  sounding rockets with 
nose cones. 

(2) Ground equipment and in s t rumen ta t ion  on a loan  b a s i s ,  
i nc lud ing  an appropr ia te  launching dev ice ,  an instrumented 
te lemet ry  t ra i ler ,  and a S ing le  S t a t i o n  Doppler or s imi la r  
ground ins t rumenta t ion  f o r  rocke t  t r ack ing .  

(3) Nine instrumented payloads f o r  i n v e s t i g a t i n g  the  equa- 
t o r i a l  e l e c t r o j e t  . 
(4) Training a t  NASA Centers  for Indiali  personnel  respons i -  
b l e  f o r  t e l e m e t r y ,  and any necessary a d d i t i o n a l  t r a i n i n g  f o r  
Indian  personnel  r e spons ib l e  f o r  launching opera t ions .  

(5) NASA advisory personnel  f o r  appropr i a t e  phases of t h e  
experiment , 

NASA h a s  made a v a i l a b l e  on loan  t o  t h e  Phys ica l  Research 
Laboratory a t  Ahmedabad data a c q u i s i t i o n  equipment f o r  s a t e l -  
l i t e s  t r a n s m i t t i n g  on 108mc, and t h e  Laboratory has made a v a i l -  
ab l e  personnel t o  opera te  t h e  equipment and p a r t i c i p a t e  i n  
d a t a  reduct ion  and ana lys i s .  I n  o rde r  t o  extend t h i s  co-operat ion 
NASA w i l l  make a v a i l a b l e  on loan a t  Ahmedabad supplementary equip- 
ment t o  permit a c q u i s i t i o n  of d a t a  from s a t e l l i t e s  t r a n s m i t t i n g  
on a frequency of 136 m c ,  DAE w i l l  sponsor the  cont inued s t a f f i n g  
and opera t ion  of t h e  f a c i l i t y  as w e l l  as p a r t i c i p a t i o n  i n  d a t a  
r educ t ion  and a n a l y s i s ,  
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N o  exchange of funds is contemplated i n  the above program. 

NASA and DAE in t end  t h a t  the f a c i l i t i e s  t o  be e s t a b l i s h e d  
a t  t h e  sounding rocke t  launching s i t e  near  t h e  geomagnetic 
equa to r  w i l l  be made a v a i l a b l e  f o r  use by o t h e r  c o u n t r i e s  f o r  
appropr i a t e  experiments i n  peaceful  space research .  

A l l  experiments and experimental  r e s u l t s  w i l l  be open t o  
t h e  world s c i e n t i f i c  community. 

(signed) 
(Hugh L. Dryden) 

Deputy Adminis t ra tor  
NASA 

RS:vva/l-10-62 
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(s igned)  
(R. Sh ro f f )  

Deputy S e c r e t a r y  
DAE 


